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4-20 mA Transmitter 



AD694' 



FEATURES 

4-20 mA, 0-20 mA Output RwigM 
PrecalAratad input Rangti: 

0Vto2V,0Vto10V 
Pracwion Voltaoe Rcfaranet 

Programnwblc to 2.000 V or 10.000 V 
Single or Dual Supply Operation 
WidtPovvw Supply Ranoo: +4.5Vto +30V 
Wtdm Output Complisnc* 
Input Buffer AmpKfior 
Opan-Loop AlMrm 

Optional Extamal Pass Ttanaiator to Ra<iiica 

SoK-Haating Erron 
0.002% typ NonHnaarity 



PRODUCT DESCRIPTION 

The AD694 is a monoiithic currem transminer that accepts high 
level signal inputs to drive a standard 4-20 mA cuireat loop for 
the control of valves, actuators, and other devicxs commonly 
used in process control. The input signal is buffeied by an input 
amplifier that can be used to scak the input signal or bufler the 
output from a current mode DAC. Piccalibrated input spans of 
OVto2VandOVtolOVare selected by simple pin strap- 
ping; otlKT spans may be programmed with external resistor. 

The output stage compliance extends to within 2 V of and its 
special design allows the output voltage to extend below com- 
maa in dual supply operation. An alarm warns of an open 4 to 
20 mA loop or noncompliance <^ the output stage. 

Active laser trimming of the AD694's thin fills resiston results 
in high levels of accuracy without the need for additional adjust- 
menis and calibratioD. An external pass transistor may be used 
with the AD694 lo off-load power dissipation, extending the 
temperature range of operation. 

The AD694 is the ideal building block for systems requiring 
noise immune 4-20 mA signal transmission to operate valves, 
aauators, and other control devices, as well as for the transmis- 
sion of process parameters such as pressure, temperature, or 
flow. It is recommended as a replacement for discrete ifesigns in 
a variety of applications in industrial process control, factory 
aut<Hnation, and system monitoring. 

The AD694 is available in hetmetically scaled, 16-pin cerdip and 
plastic SOIC, specified over the -40°C to -t-8S°C industrial tem- 
perature range, and in a 16-pin plastic DIP, specified ova the 
to -•- temperature range. 
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PRODUCT HIGHUGHTS 

1. The AD694 is a complete vtdtage in lo 4-20 mA out current 
tnuismittcr. 

2. Pin progtamnwbie input ranges are pre-calibrated at V to 
2 V and V to 10 V. 

3. The input amplifier may be configured to buffer and scale 
the input voltage, or to serve as an output amplifier for cur- 
rent output DACs. 

4. The output voltage compliance extends to within 2 V of the 
positive supply and below common. When operated with a 
S V supply, the output voltage compliance extends 30 V be- 
low conunon. 

The AD694 interfaces directly to 8-, 10-, and 12-bit »ngle 
supply CMOS and bipolar DACs. 

6. The 4 mA zero current may be switched on and off with a 
TTL ccmtrol pin, allowing 0-20 mA operation. 

7. An open collectot alarm warns of loop failure due to open 
wires or noncompliance of the output stage. 

8. A monitored output is provided to drive an external pass 
transistor. The feature off-loads power dissipation to extend 
the temperature range of operation and mininiize self-healing 
ertor. 



'rrolcttcd br VS. fteort*: 3I,S86; 4,23e,44J; 4,«S7,M2. 
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AD694-SPECIFICATI0NS (@ +2S°C, R,^ = 250 n aiMt Vs = -(-24 V, «fli8S$ oUierwise notnl) 



Model 


AD694JN/AQ/AIt 




AD694BQ/BR 








Atin 


Typ 


Max 


Min 


Typ 


Max 


Uaits 


INPUT CHARACTERISTICS 
















Input Voltage Range 


-0.2 


Vs-2.0V 


Vs-2.5V 


-0.2 


Vs 2.0 V 


Vg-2,5 V 


V 


Input Bias Current 
















Either Input, T^ to T^,. 




1.5 


5 




1.5 


5 


nA 


Offset Current, T^„ to T^„ 




iO.l 


±1 




±0.1 


±1 


nA 


Offset Current Drift 




" l.U 






±1.0 


±5.0 


pAAC 


liipui Itnpedance 


C 

J 






5 






MU 


ObTPLT CHARACTERISTICS 
















Operating Current Range 







23 







23 


mA 


Specified Performance 


4 




20 


4 




20 


mA 


Output Voltage Compliance 


Vs-36V 




Vs-2 V 


Vs-36V 


Vs-2 V 


V 


Output Impedance, 4-20 mA 


40.0 


50.0 




40.0 


50.0 




If ri 

Mil 


Current Limit (a 2x FS Overdrive 


24 




44 


24 




44 


mA 


Slew Rate 




1.3 






1.3 




mA/pis 


SPAN AND ZERO ACCURACY' 
















4 mA Offset Error (& V Input^ 
















Error from 4.000 mA, 4 mA On 




±10 


±20 




±5 


±10 


1^ 


Error from 0.000 mA, 4 mA Off 





+ 10 


+29 





+ 5 


■fie 


HA 


T™„ to T^ 




±10 


±40 




±5 


±20 


M 


vs. SuRJly (2 V Span/10 V Span) 




O.J/0.05 


0.8/8.4 




0.3/0.05 


0.8/0.4 


<xAA' 


Trim Range, 4 mA Zero 


2.0 




4.8 


2.0 




4.8 


mA 


Span 
















Nominal Transfer Function 
















Input FS - 2 V 




8.0 






8.0 




mA/V 


Input FS = 10 V 




1.6 






1.6 




mAA' 


Transfer Function Error from Nom, 
















Input FS = 2 V, 10 V 




lO.l 


±0.3 




±0.05 


±0.15 


% of Span 


' min 1 ifj^ 




±0,002 


±0.005 




±0.001 


±0.0025 


% of Span/^C 


VS. Supply 




rO.OOl 


±0.005 




±0.001 


±0.005 


% of SpaiVV 


Nonlinearity' 




±0.005 


±0.015 




±0.001 


±0.005 


% of Span 


4 mA On: Max Pin 9 Voltage 






0.8 






0.8 


V 


4 mA Oil: Min Pm 9 Voltage 


3.0 


2.5 




3.0 


2.5 




V 


VOLTAGE REFERENCE 
















Output Voltage: 10 V Reference 


9.960 


10.000 


10.040 


9.980 


10.000 


10.020 


V 


Output Voltage: 2 V KeJercnce 


1.992 


2.000 


2.008 


1.996 


2.000 


2.004 


V 


Tm,„ 10 T^ 




30 


50 




20 


30 


pptn/°C 


vs Load V„^r = 2 V 10 V 






tf.3v 




0.15 


0.50 


mV/mA 


vs. Supply, Vre^ - 2 V, 10 V 




±U.Wl 


±tt.003 




±0.001 


±0.005 




Output Current 
















Source 


5 






5 






mA 


Sink 




0.2 






0.2 




mA 


ALARM CHARACTERISTICS 
















(Ji 2 S mA 

'CEm,SAT) ^-^ 




0.35 






0.35 




V 

V 


Leakage Current 






±1 










Alarm Pin Current (Pin 10) 




20 






20 




mA 


POWER REQUIREMENTS 
















Specified Performance 




24 






24 




V 


Orvratinff Rnnop 
















2 V FS, Vr,:p = 2 V 


4.5 




36 


4.5 




36 


V 


2 V, 10 V FS, Vrfp = 2 V, 10 V 


12.5 




36 


12.5 




36 


V 


Quiescent Current, 4 mA Off 




1.5 


2.0 




1.5 


2.0 


mA 


TEMPERATURE RANGE 
















Specified Performance' AD694AQ/B{yAR/BR 


-40 




+85 


-40 




+85 


X. 


AD694JN 







^70 







+ 70 


"C 


Operating AD694AQ/BQ/AR/BR 


-55 




+ 125 


55 




+ 125 


°C 


AD694JN 


-40 




+85 


-40 




+ 85 


°C 
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Model 


Min 


AIMMJN/AQ/AR 
Typ Max 


Mia 


AI)694ilQ/BR 
Typ 


Mas 


Units 


RITFFFR AUPT IFIFR^ 
















Tnniit OffeM VrJrflo^ 
















Uuuai wiisei 




±150 


±500 




X JU 


±7UU 


(iV 


T to T 




±2 


±3 




X£ 






VS. ouppij' 


on 


90 




on 
w 






An 


vs. ConuiHm Mode 


80 


90 




80 


90 




dB 


Trim Range 


±2.5 


±4.0 




±2.5 


±4.0 




mV 


Fmiuency Response 
















Unity Gain, Small Signal 




300 






300 




kHz 


Input Vaiasc Ncmsc (0.1 to 10 Hz) 




2 






2 




jiVp-p 


Open-Loop Gain 
















Vq - +IOV,Ri. 2 lOWl 




50 






50 




V/mV 


Output Voltage @ Kn 1, FB' 
















Minimuni Output Vdtage 




1.0 


10 




1.0 


10 


mV 


Maximum Output Voltage 




2.5 V Vs-2V 




Vs-2 


.5V Vs-2V 




V 



NOTES 

'The ungk supply op imps of the AD694, Ucfcing pull down cuirent, may noi reach 0.000 V at dieir ouq>ui>. For chis fcaaon, spdo, offset, and ojalincarny m 

spedfKd with die input amplifim operating in their linear range. The input votuge used (or die tests is 5 mV lo 2 V and 5 mV lo 10 V for the two ptc- 

calibrated input ranges. Span atul zero acaincy aic tested with the buffer ampUTiet conGguted ts a folhwer. 

'Ofiset a(4iaAoataad0iiiAouiirc extrapolated lo O.OOD V input from meinueinegts made at S mV and at full scale. See Note 1. 

'Nonlineatity is specified as the maxiiinun deviation of the output, as a % of span, fram a straight line drawn through the cndpoints the transfer fiutction. 

*Vohage reference drift guaranteed by the Box Method. The voltage tefeience output over icmpcrttute will Sail inside of a box whose length is determined by 

the lempeniure range and whose height is determined by the maiiinuin temperature coelificieat multiplied by the ten^Kianue span in degrees C. 
'Devices teated at these lemperitures with a pass Iransislar. Allowable temperature range of opcratian is dependent upon ioteraal power dissipation. Absolute 

nHuumum innctton and cue icmpetanire should nx be exceeded. See section: "Power Dissipation C^nsideratians." 
'Buflier amplifier specs for referents. Buffer ami^irier offset and drift already indvded in Span and Zero accuracy specs above. 
SpecificatioRS sub^ <o change widKHit notice. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage +36V 

Vs to louT -^36 V 

Input Voltage, (Either Input Pin 2 or 3) . . . . -0.3 V to +36 V 

Refereitce Short Ciicuit to Com men Indefinite 

Alarm Voltage, Pin 10 +36 V 

4 mA Adj, Fine +1V 

4 mA On/Off, Pin 9 V to 36 V 

Storage Tempeninirc Range 

AD694Q -65°Cto +150°C 

AD694N, R -t5°C to +125'C 

Lead Temperature, 10 sec Soldering +300^ 

Maximum Junction Temperature +150°C 

Maximum Case Temperature 

Plastic Package (N, R) + I25"t: 

Ceidip Package (Q) + 125°C 



Transistor Count: 75 Active Devices 

Substrate Connection: to Com, Pin 5 

Thcnnal Characteristics: 

Plastic (N) Package: 9^ = 50°C/Watt 

(StUl Air) = 85°C/Wan 



Cerdip (Q) Package: 
Plastic (R) Package: 



9,c = 30°C/Watt 

«CA (Still Air) = 70°C/Watt 



e,c - ZT-Watt 
6eA (StiU Air) = 73'C/Watt 

ESD Susceptibility 

All pins are rated for a minimum of 4000 V protection, except 
for Pins 2, 3 and 9 which are rated to survive a minimum of 
1500 V. ESD testing conforms to Human Body Model, Always 
practice ESD prevention. 



No pin, other than Iqut C I) and ±Sig (2), (3) as noted, may be permitted to become more negative than Com (5). So pin may be 
pennined to become more positive than V^ (13). 



PIN CONHGURATION (N, R. Q Package) 

FB [7 • ^ 13 Vos ADJUST 

-SO |T ADJUST 

♦ SW [£ AD694 AtWOST 
2Vfs[7 TWVIEW 

com[? "^''S-** 

atnAMMUST [? 
2V(SEHSE) [l 



ORDERING GUIDE 






Temperatoie 


Package 


Model 


Range 


Options* 


AD694JN 


0°C to t70''C 


N-16 


AD694AQ 


-40°C to +g5'C 


Q-16 


AD694AR 


-40°Cto -85°C 


R-16 


AD694BQ 


-40X to +85°C 


Q-16 


AD694BR 


-40°Cto +8S'C 


R-16 



*N - Plastic DIP; Q =- Cerdip; R = SOIC. For 
outline information sec Package Information 
section. 
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Typical Minimum Supply Voltage vs. Temperature for 2V 
& 10 V Full Scale 



Voltage Reference Power Supply Rejection 
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Figure I. Functional Block Diagram 



FUNCTIONAL DESCiUPTION 

The (q>cnitioii of tfae AD694 can best be undmiood by dividing 
the circuit into three furtctional parts (see Figure 1). First, a 
single supply input amplifier buffers the high level, single-ended 
input ugnal. The buffer amplifier drives tiM second section, a 
voltage to current (V/I) convener, that makes a to 16 mA sig- 
nal dependent current. 

The third section, a voltage reference and offset generator, is 
responsible for providing the 4 mA offset current signal. 

BUFFER AMPLIFIER 

The buffer amplifier is a single supply amplifier that may be 
used as a unity gain buffer, an output amplifier for a current 
output D/A converter, or as a gain block to amplify low level 
signals. The amplifier's PNP input stage has a common-mode 
range that extends from a few hundred mV below ground to 
within 2.S V of V^. The Class A output of the amplifier appears 
at Pin 1 (FB). The output range extends from about 1 mV 
above common to within 2.5 V of when the amidifier is op- 
erated as a follower. The amplifier can source a iMTirnnm load 
of S kfl, but can sink <Hily as much as its internal 10 kfl pull- 
down resistor allows. 
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V/I CONVERTER 

The gnHind referenced, input signal from the buffer amplifier is 
convened to a to 0.8 mA cuirent by A2 and level ^ted to 
the positive supply. A current mirror then multiplies this signal 
by a factor of 20 to make the signal current of to 16 mA. I1iis 
technique allows the output stage to drive a load to within 2 V 
of the positive supply (V^). Amplifier A2 forces the voltage at 
Pis 1 across resistors Rl and R2 by driving the Darlington tran- 
sistor, Q2. The high gain Darhnguai transmits the resistor cur- 
rent to its collector and to R3 (900 fl). A3 forces the le^-el 
shifted signal across the 45 fl resistor to get a current gain of 
20. The transfer function of the V/I stage is therefore: 

toi,T''(20^V,„^,)liRl + RZ) 

resulting in a 0-16 mA output swing fot a O-lO V input. Tying 
Pin 4 (2 V FS) to ground shorts out R2 and results in a 2 V 
full-scale input for a 16 mA output span. 

The output stage of the V/I convener is of a unique design that 
allows the IcniT pin to drive a load below the common (sub- 
strate) potential of the device. The output transistor can always 
drive a load to a point 36 V below the positive supply (Vj). An 
optional NPN pass transistor can be added to transfer most of 
the power dissipation off-chip, to extend the temperature range 
of operanon. 

The output stage is current-limited at approximately 38 mA to 
protect the output from an overdrive at its inputs. The V/I will 
allow linear operation to approximately 24 mA. The V/I con- 
vener also has an open collector alarm (Pin 10) which warns of 
open-circuit condition at the Iqut P>n or of attempts to drive 
the output to a vohage greater than V^ -2 V. 

4 mA OFFSET GENERATOR 

This circuit converts a constant voltage from the voltage refer- 
ence to a constant current of approximately 200 \Lh. This cur- 
rent is summed with the signal current at Pin 14 (BW Adjust), 
to result in a constant 4 mA c^fset current at Iout' The 4 mA 
Adj (Pin 6) allows the offset current to be adjusted to any cur- 
rent in the range of 2 mA to 4.8 mA. Pin 9 (4 mA On/OfI) can 
shut off the offset current completely if it is lifted to 3.0 V or 
more, allowing to 20 mA operation of the AD694. In normal 
4-20 mA operation. Pin 9 is connected to ground. 



VOLTAGE REFERENCE 

A 2 V or 10 V voltage reference is available for user applica- 
tions, selectable by pin-strapping. The 10 V option is available 
for supply voltages greater dian 12.5 V, the 2 V output is avail- 
able over the whole 4.5 V - 36 V power supply range. The ref- 
ereiKC can source up to 5 mA for user applications. A boost 
transistor can be added to increase the current drive capability 
of the 2 V mode. 

APPLYING THE AD694 

The A0694 can esisily be connected for either dual or single 
supply operation, to operate fixnn supplies as low as 4.5 V and 
as high as 36 V. The following sections describe the different 
connection configurations, as well as adjustment methods. 
Table I shows possiUe connection options. 

TaMe I. Ptecalilntcd Raoges for the AD6M 



Input 


Output 


Voltage 


Min 








Range 


Range 


Reference 


Vs 


Pia9 


Fia4 


Fia8 


0-2 V 


+-20 mA 


2 V 


4.5 V 


PinS 


ISnS 


Pin 7 


0-10 V 


4-20 mA 


2V 


12.5 V 


Pin 5 


Open 


Pin7 


0-2.5 V 


0-20 mA 


2 V 


5.0 V 


J?3V 


Pin 5 


Pin 7 


0-12.5 V 


0-20 mA 


2V 


15.0 V 


3-3 V 


Open 


Pin7 


0-2 V 


4-20 mA 


10 V 


12.5 V 


PinS 


PinS 


Open 


0-10 V 


4-20 mA 


10 V 


12.5 V 


Pin 5 


Open 


Open 


0-2.5 V 


0-20 mA 


10 V 


12.5 V 


>3V 


PinS 


Open 


0-12.5 V 


0-20 mA 


10 V 


15.0 V 


sr3 V 


Open 


Open 



RASIC CONNECTIONS: 12.S V SINGLE SUPPLY 
OPERATION WITH 10 V FS 

Figure 2 shows the minimal connections required for basic oper- 
ation with a +12.5 V power supply, 10 V input span, 4-^20 mA 
output spas, and a 10 V voltage reference. The buffer amplifier 
is connected as a voltage follower to drive the V/I convener by 
connecting FB (Pin 1) to -Sig (Pin 2). 4 mA On/Off (Pin 9) is 
tied to ground (Pin 5) to enable the 4 mA offset current. The 
AD694 can drive a maximum load Ri, = [Vj - 2 V] / 20 mA, 
thus the maximum load with a 12.5 V supply is 525 fl. 



1« 

VOLTAOEc ' 



1^<«T0iavl 




r POWH StmV COMMON 

Figure 2. Minimal Connections for 0-10 V Single-Ended Input, 4-20 mA Output, 10 V Reference Output 
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SELECTING A 2 V FULL-SCALE INPUT 

The 2 V full-scak option is seleaed by shwrting Pin 4 (2 V FS) 
to Pin 5 (Common). The coiucction should be as short as possi- 
ble; any parasitic resistance will affea the precalibnted span 
acctiracy. 

SELECTING THE 2 V VOLTAGE REFHtENCX 

The voltage reference is set to a 2 V output by shorting Fin 7 
to Pin 8 (10 V Force to 2 V Sense). If desired, the 2 V ref- 
erence can be set up for remote force and sense comiection. 
Keep in mind that the 2 V Sense line carries a constant current 
of (00 ttA that could cause an offset error over long wire runs. 
The 2 V reference option can be used with all supply vohoges 
greater than 4.5 V. 

An NPN boost transistor can be added in the 2 V mode to in- 
crease the curreiu drive capability of the 2 V reference. The 
10 V force pin is connected to the base of the NPN, and the 
NPN emitter is connected to the 2 V sense pin. The minimum 
V<; of the part increases by approximately 0.7 V. 

4.5 V SINGLE SUPPLY <»ERATION 

For operation with a +4.5 V power supply, the input span and 
the voltage reference output must be reduced to give the ampli- 
fiers their required 2.5 V of head room for operation. This is 
done by adjusting the AD694 for 2 V full-scale input, and a 
voltage reference output of 2 V as described above. 

GENERAL DESIGN GUIDEUNES 

A O.l M-F decoupling capacitor is recommended in all applica- 
tions from V<i (Pin 13) to Com (Pin 5). Additional comptments 
may be required if the output load is noniesistive, see section on 
driving nonresistive loads. The buffer ampttfier PNP inputs 
should not be brought more than -0.3 V of common, or they 
will begin to source large amounts of current. Input protection 
resistors must be added to the inputs if there is a danger of this 
occurring. The output of the buffer amplifier. Pin 1 (FB), is not 
short circuit protected. Shorting this pin to ground or Vs with a 
signal present on the amplifier may damage it. Input signals 
should not drive Pin I (FB) directly; always use the bufler am- 
plifier to buffer input signals. 

DNVING NONRESISTIVE LOADS 

The AD694 is designed to be stable when driving resistive 
loads. Adding a 0.01 tiF capacitor from loirr (I^i 1 1) to Com 
(Pin S), as shown in Figure 3, insures the stability of the AD694 
when driving inductive or poorly defined loads. This capacitor is 
recommended when there is any uncertainty as to the character- 
istics of the load. 
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Figure 3. Capacitor Utilized Whtn Driving Nortresistive 
Loads; Protection Diodes Used When Driving inductive 
Loads 



Additional protection is recommended when driving inductive 
loads. Figure 3 shows two protective diodes, Dl and D2, added 
to protect against voltage spikes that may extend above or 
below common that could damage the AD694. These diodes 
should be used in addition to the 0.01 ^F capacitor. When the 
optional NPN transistor is used, the capacitor and diodes should 
coiwect to the NPN emitter instead of Pin II. 

0-20 mA OPERATION 

A 0-20 mA output range is available with the AD694 by remov- 
ing the 4 mA offset current with the 4 mA On/Off pin. In nor- 
mal 4-20 mA operation 4 mA On/Off (Pin 9) is tied to grotind, 
enabling the 4 mA offset current. Tying Pin 9 to a potential of 
3 V or greater turns off the 4 mA offset current; connecting Pin 
9 to the 10 V reference, the positive supply, or a TTL control 
pin, is a convenient way to do this. In 0-20 mA mode the input 
span is increased by 20%, thus the precalibrated input spans of 
2 V and 10 V become 2.5 V and 12.5 V. Minimum supply volt- 
ages for the two spans increase to 5 V and 15 V. 

The 4 mA On/Off pin may also be used as a "iiggJe pin" to un- 
stick valves or actuators, or as a way to shut off a 4-20 mA loop 
entirely. Note that the pin only removes the 4 mA offset and 
not the sigital current. 

DUAL SUPPLY OPERATION 

Figure 4 shows the AD694 operated in dual supply mode. (Note 
that the pass transistor is shown for illustration and is not re- 
quired for dual supply operation.) The device is powered com- 
pletely by the positive supply which may be as k>w as 4.5 V. 
The unique design of the output stage allows the P>» «> 
enend below commoo to a negative supply- The output suige 
can source a ctirrent to a point 36 V below the positive supply. 
For example, when operated with a -I- 12.5 V supply, the AD694 
can source a current to a point as low as 23.5 V below common. 
This feature can simplify the interface to dual supply D/A con- 
verters by eliminating grounding and level-shifting problems 
while increasing the load thai the transmitter is able to drive. 
Note that the l„iyf pin is the only pin that should be allowed to 
extend lower than -0.3 V of common. 

OPERATION WITH A PASS TRANSISTOR 

The AD694 can operate as a stand-alone 4-20 mA converter 
with no additional active components. However, provbions have 
been made to connect Iqut to the base of an external NPN pass 
transistor as shown in Figure 4. This permits a majority of the 
power dissipation to be moved ofl'-chip to enhance performance 
and extend the temperature range of operation. Note that the 
positive output voltage compliance is reduced by approximately 
0.7 V, the of the pass device. A SO 11 resistor sbotild be 
added in series with the pass transistor collector, when the 
AD694 is operated with dual supplies, as shown in Figure 4, 
This will not reduce the voltage compliance of the output stage. 

The external pass transistor selected should have a BVceo 
greater than the intended supply voltage with a sufficient power 
rating for continuous opmition with 25 mA ciurent at the sup- 
ply voltage. Ft should be in the 10 MHz to 100 MHz range and 
shouU be greater than 10 at a 20 mA eminer current. Heat 
sinking the external pass transistor is suggested. 
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Figure 4. Using Optional Pass Transistor to Minimize Self- 
Heating Errors: Dual Supply Operation Shown 



POWER DISSITATION CONSIDERATIONS 

The AD694 is rated for operation over its specified temperatuFc 
without the use of an external pass transistor. However, it is 
possible to exceed the absolute maximun power dissipation, 
with some combinatioos of power supply voltage and voltage 
reference load. The internal dissipaition of the pan can be calcu- 
bted to determine if there is a chance that the absolute masi- 
mum dissipation nuy be exceeded. The die temperature must 
never exceed 15(I°C. 

Total power dissipation (Ptot)) the sum of power dissipated 
by the internal amplifiers, P (Standii^), the voliage reference, 
P (Vref) and the current output stage, P(Iout) a* follows: 
P (Standmg) * P (V^y) + P Uout) 

where: 

P (Sumdaif) = 2 mA (max) x Vg 

P Uovt) (Vs - Vout) louT («>M): 

lovr f*""*) 'u*y be the max expected operating cur- 
rent, or the overdriven current of the device. 

P (touT> drops to (2 Volts x l^^y^) if a pass transistor 
is used. 

Definitions: 

^REF - output voltage of reference 

h'RSF - output current of reference 
= supply voltage 

^ovT = voltage at Iqut pin 

An appnqmate safety factor should be added to Ptot- 

The junction temperature may be calculated with the following 
formula: 

Oj(. is the thermal resistance between the chip and the package 
(case), thennal rcsistaoce between the case and its 

surroundings and is determined by the characteristics of the 
thermal connection of the case to ambient. 



For example, assume that the part is opnating with a Vj of 
24 V in the cerdip package at SO°C, with a 1 mA Load on the 
10 V reference. Assume that I^ut- is grounded and that the max 
'out vrould be 20 mA. The internal dissipation would be: 
Pi-mr) = Zi>iAx24 V + a4V - lOVi >i I mA {»V -OV) >^10mA 

» « mir + W mir + «0 mW = S42 mW 
Uang e,c of 30°C/Watt and «ca ^ 70°C/Wan, (from sptc page) 
the junction temperature is: 

Tj = S42 mW (WC/W + /(TC/W) +50°C = 104. rC 

The junction temperature is in (he safe region. 

Internal power dissipation can be reduced either by reducing the 
value of through the use of air flow or heat sinks, or by re- 
ducing P(tot) the AD694 through the use of an external pass 
transistor. Figure 5 shows the maximum case and still air tem- 
peratures for a given level of power dissipation. 
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Figure 5. Internal Power Dissipation in mW 
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ADJUSTMENT PROCEDURES 

The following sections describe methods for thmming ttic out- 
put current offset, the span and the voltage reference, 

ADJUSTING 4 mA ZERO 

The 4 mA zero current may be adjusted over the rang:c of 2 otA 
10 4.8 mA to accommodate large input s^nal offsets, or to allow 
small adjustment m the zero current. The zero may be adjusted 
by pulling up or down on Pin 6 (4 mA Adj) to increase or de- 
crease (he nominal offset current. The 4 mA Adj. (I^ 6) should 
not be driven to a voltage greater diao 1 V. The arrangement of 
Figure 6 will give an qtproiinutely linear adjustment of the 
4 mA offset within fixed limits. To find the proper resistor val- 
ues, first select X, the desired range of adjustment as a fraction 
of 4 mA. Substitute this value in the appropriate fomuiia below 
along with the chosen reference output voltage (V^ef - 2 V or 
10 V usually), to determine the resistor vahies required. 

Rp = mndfX ~ 4.S) 

Rf = 500(1 [(V^f 1 1. II V) -0.18 - 0.82X11 IfX ' *-^] 

These formulae lake into accoiuii the :t 10% internal resistor 
tolerance and ensure a minimum adjustment range for the 4 mA 
offset. For example, assume the 2 V reference option has been 
selected. Choosing X = O.OS; gives an adjusinient range of ±5% 
of the 4 mA offset. 

Rp = m il {IIO.OS - 4.S) = 2.79*11 

= 5«? n [{2 V 1 1.22) - 0.18- 0.82 x O.05][lJ0.OS - 4.S] 
= 10.99 kiX 

These can be rounded down to more convenient values of 
l.i kn and 9.76 kfl. In general, if the value of Rp b founded 
down sligfatly, the value of Rp should be rounded down propor- 
tionately and vice versa. This helps to keep the adjustment 
range synunetrical. 
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Figute 6. Optional 4 mA Zero Adjustment 
ADJUSTING SPAN FOR 10 V FS 

When the AD694 is configured with a 10 V input full-scale the 
span maybe adjusted using the network shown in Figure 7. This 
scheme allows an approximately linear adjustment of the span 
above or below the nominal value. The span adjustment does 
not interact with the 4 mA offset. To select and R-i-, choose 
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Figure 7. Span Adjustment 10 V Full Scale 

X, the desired adjustment range as a fraction of the span. Sub- 
stitute this value in the appropriate formula bek>w. 

Rr = I S *n ((/ -X)IX) 

= 9*n/ / - 0.2 (1 XX I - X)J/2X 

These formulae take into account the ± 10% absolute resistor 
tolerance of the imemai span resistors and ensures a mioimum 
adjustment range of the span. For enmple, choosing the adjust- 
ment range to be ±2%, or 0.02 gives: 

Rr = I.S ma - 0.02) 1 0.02) = M.2 *n 

Rs = 9ka ( I - 0.2(1 -t- 0.02K t - 02 )] / (2 x 0.02) = 
775.5 kSl 

These values con be rounded up to the more co&veiuent values 
of 100 kfl and 198 kCt. In general, if is rounded up, then 
the value of Rg should be rounded up proportionally and vice 
versa. 

ADJUSTING SPAN FOR 2 V FS 

The precalibrated 2 V full-scale range requires a different ad- 
justment scheme due to the single supply nature of the AD694. 
Figure 8 shows an adjustment scheme diat allows an approxi- 
mately linear adjustment of the 2 V span fAns or minus the 
nominal value. The span adjustment does not affect the value of 
the 4 mA offset current. 

To find the proper resistw valtws first select X, the desired 
range of adjustment as a fraction of the output span. Subsiimte 
this value into the following formulae: 

R;^ = 2 X X X Rg where Ro is greater than 5 K 

Rc = (2.75 kdx X)/(l - 0.27SX) 

These formulae take into account the ± 10% absolute tolerance 
of the internal span resistors and ensure a minnnum adjustment 
range. 

For example, choosing the adjustment range to be ±320 |iA of 
FS or, ±2%, let X = 0.02. Thus; 

Setting Rb = 10 K, then R^ = 2(.02) x )0 kfl = 400 fl 

Rc = (2.75 kn X 0.02y (1 - 0.275 x (0.02)) = 55.3 H 

The value of Rc can be rounded to the more convenient values 
of 49.9 n. In general, if R^ is rounded up, dwn Rc should be 
rounded up proportitmally and vice versa; rounding up will in- 
crease the range of adjustment. 
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Other reference voltages can be programmed by adding enenul 
resistoR. For example, a resistor placed in pwalle] with R5 can 
be added to boost tbe reference ouqwt as Mgh as 20 V. Con- 
versely, I resistor k parallel with M can be used to set the lef- 
eKDCe vahage to a value between 2 V and 10 V. The output 
voltage Vref = 2 V (R6 + R5) / R5. In choowng external ad- 
justment resistors remember that the internal resistors, while 
ratio matched to a high degree of accuracy, have an absolute 
resistor tolerance of only ± 10%. Be prepared to compensate for 
this if a precise voltage other than tbe piecalibrated values of 
2 V or 10 V is required. 



Figure 8. Spsn Adjustment, 2 V Ml Scale 



PROGRAMMING OTHER SPANS 

There are two methods for programoiiig input spans less than 
10 V. The first decreases the input span by ptogianuning a nm- 
inverting gain into the buffer amplifier. For example, to achieve 
an input span of 0-5 V, the AD694 is set in its 10 V M-scale 
mode and the buffer amplifier is o^igured with a mwinvening 
gain of 2 by adding 2 resistors. Now a 5 V signal at + Sig results 
in a 10 V fiill-scale signal at FB (Pin 1), the input to the V/I. 
This method requires that the V/I be programmed to a 10 V ftiU 
scale for input spans between 2 V to 10 V, It siwuld be pro- 
grammed to a 2 V full scale if input spans of less than 2 V are 
required. This adjustment scheme makes the accuracy ol the 
span adjustment dependent upon the ratio acciuacy of the re- 
quired gain resistors. Thus, it is possible to accurately configure 
spans other than 2 V or 10 V without using trinuning potenti- 
ometers, giv» that the resistor ratios ait sufTidently accurate. A 
supply voltage of 12.5 V is required for spans between 2 V and 
10 V. Spans below 2 V require a Vj of 4.5 V or greater. 

A second method, allows other spans of less than 10 V to be 
ptDgrammed when supply voltage is less than I2.S V. Since die 
AD694 amplifiers lequire 2.5 V <i headroom for operation, a 
5 V full-scale input is possible with a 7.5 V supply. This is 
achieved by placing a resistor, in parallel with R2, (2 V FS (Pin 
4) to Com (Pin 5)), to adjust the transconduconcc of the V/I 
converter without a headroom penalty. A disadvanta^ of this 
method is that the external resistor must match the internal re- 
sistor in a precise manner, thus a span trim will be required. 
The value should be chosen to allow for the ±10% uncertainty 
in the absolute value of the internal resistor R2. 

ADJUSTING REFERENCE OUTPUT 

Figure 9 shows one method of making small adjustments to the 
10 V reference output. This circuit allows a linear adjustment 
range of ±200 roV. The 2 V reference may also be adjusted but 
only in the positive direction. 




Figure ft 10 V Reference Output Adjustment 
BANDWIDTH CONTROL 

The bandwidth of the AD694 can be linoited to provide noise 
filtering. This is achieved by cmneciing an external capacitor 
ftom BW ADJ (Pin 14) to Vj (Pin 13) as shown in Figure 10. 
To program the bandwidth, substitute the desired bandwidth in 
Hz, into the formula below to determine the requited capacitor. 

C = ; farad Hi (l /( 2 Tt 900 (l BW) 

The bandwidth chosen will vary ± 10% due to internal resistor 
tolerance, plus an additional amount due to capacitor toleiance. 

This method of bandwidth control is not recommended as a way 
to filter large high frequency transients in the input signal. It is 
recommended that frequencies greater than the BW of the 
buffer amplifier be eliminated with an input fiher to avoid recti- 
fication of noise by the input ampliikts. 



A0694 



Figure 10. Noise Filtering with an External Capacitor 
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Figure 15. Low Cost Sensor Transmitter 



The ADtiM will now ouiiiut a 4-20 mA output current for i 
to 2 V difrerentul swing across V^. The gain of the in unp 
front end is adiusted so that the desired full-scale input signal u 
V,,^ results in a itf 2 V. For exampte a sensor that has a 
100 mV iiiU stale will require a gain of 20 in the front end. The 
gain is deiemiined accoiding to the equation: 

G= f2Rs/Rg]-^l 

The circiut shown, will convcn a positive diffeiendal signal at 
Vin to a 4~20 mA current. The circuit has conunon-inode range 
of } V to 8 V. The low end of the conunon-inodc range is lim- 
ited by the AO708's ability to puU down on Rj. A single su{^y 



amplifier could be used iitstead to extend the common-nxxle 
range down to about 1.$ V, 

As shown, the circuit handles positive differential signate, (Vj^ 
poaitive). To handle bipolar differentiBl senate (V,^ is positrve 
or negative), the reference pin of the in amp (point C) must be 
offset positively from the 2 V reference. V<a example, discon- 
nected pirint C from the 2 V reference and connecting it to a 
3 V source would result in a 1 V, (or half scale) for a zero 
volt differential input from the sensor. 



AHALDG DEVICES FAX-DH-DEFWMD HOTLINE 



12 



AD694 




romm aww-T commom 



Figure 13. Digital to 4-20 mA Interface Using a Current Steering DAC 




figure 14. Singh Supply Digital Input to 4-20 mA Output 



code dependent, and tbe response tiine of the circuit wilt be de- 
termined by the reaction of the voltage reference. The supply 
voltage to the AD7541A should be kept close to 15 V. If Vj is 
reduced significantly from 15 V the differential nonlioearity of 
the DAC will increase and the linearity will be degraded. 

In some applicauoas it is desirable to have aome under-range 
and over-range in the 4-20 mA output. For example, assume an 
over and un(kr range capability of ±5% of span is needed, then 
the output current range corresponding to the fiill scale of tbe 
DAC is 3.2 mA to 20.8 mA. To accomplish this, the span of the 
AD694 would be increased 10% to 17.6 mA by adding a nonin- 
verting gain of 1.1 to the buffer amidiiier. The 4 mA dlset 
wouid then be reduced by 0.8 mA, by utilizing the ad)ustment 
scheme expilaioed in "Adjusting 4 mA Zero." Then a digital 
input from all zero code to full scale would rcsuh in an output 
cuncDt of 3.2 mA to 20.8 mA. 



LOW COST SENSOR TRANSMITTER 

Sensor bridges typically output differemial signals in the 10 mV 
to 100 mV full-scale range. With an AD694, a dual op amp, and 
some resistors, an instrumentation amplifier front end can be 
added which easily handles these types of low level signals. 

The traditional 3 op amp instrumentation amplifier is built us- 
ing an AD708, dual op amp for the frtmt end, mi the AD694's 
buffer ampiifter is used for the subtracior circuit, as shown in 
Figure 15. The AD6SM's 2 V reference is used to ;»ovide a 
"ground" of 2 V that insures proper operation (rf^ the in amp 
over a wide common mode lange. The reference pin of the sub- 
tractor circuit is tied to the 2 V reference (point C). A 2 kfl 
pull-down resistor insures that the voltage reference will be able 
to sink any subtnKtor current. Tbe 2 V FS (Pin 4) is attached 
to the 2 V reference^ this offsets the input range of tbe V/l con- 
verter 2 volts positive, to match the "pound" of the in amp. 
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BUFFER AMn.lFIER OFFSET ADJUST 
The buffer amplifier input voltage offset has bees laser trimmed 
to a high degree trf accuracy; however, there may be occastons 
when an offset trim is desired. Figure U shows the adhistment 
method; a trim range of greater than ±2.5 mV is available vnth 
this scheme. It is not recommended that this adjustment method 
be used to affect the 4 mA oflfeet current as the trim will induce 
offset drift into the buffer amplifier. The buffer amplifier will 
drift apjiroximately l|i.Vy°C for each 300 (iV of induced of&et. 
To adjust the 4 mA offset current refer to the section "AD- 
JUSTING ZERO." 




ALARM CiRCUIT 

The AD694 has an alarm circuit which wans of open dmiit 
conditions at Iqut 1 1), or of attempts to drive the voltage 
at loinr hi^ier than Vj-J V. The alarm transistor wiU pull 
down tf an out of control condition is sensed. The alam current 
is limited to about 20 mA. 

Figure 12 shows a typical application. In a digital/analog system 
the alarm can pmvide a TTL signal to a controller. The collec- 
tor of the alarm transistor is tied to the system logic su|^y 
through a 20 kfl pull-up resistor. The alum is <tf in nomal 
operation and the voltage at the alarm pn is high. In the event 
that the wire from Iqut (P>n Wk opened, or if a large input 
overdrive foices lour too dose to V^, then die alarm pin is 
driven low. This configuiaiion is compatible with CMOS <a 
TTL logic levds. The alarm transistor can also be used to di- 
rectly drive an LED or other indicatois. 



Figure 11. Buffer Amplifier Vos Adjustment 
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figure 12. Using the Alerrrt to Drive a TTL Gete 



APPUCATIONS 

CURRENT OUTPUT DAC INTERFACE 

The AD694 can be easily interfaced to current output DACs 
such as the AD566A to construct a digital to 4-20 mA interface 
as diown in Figure 13. The AD694 provides the voltage refer- 
ence and the buffer amplifier necessary to operate the DAC. 
Only sim{rie conoectioos are necessary to construct the circuit. 
The 10 V reference of the AD694 supplies reference input of the 
ADS66. The buffer amplifier converts the full-scale current to 
10 V utilizing the internal resistois in the DAC; therefore the 
AD694 is configured for a 10 V fiill-scale input. A 10 pF capaci- 
tor compensates for the 2S pF output capacitance of the DAC. 
An optional lOO fl trim resistor, (Rr), allows the full-scale to be 
trimmed, a 50 n resistor may be substituted if a trim is not re- 
quired; accuracy will be typically ± 1 LSB and the trim does not 
affect the 4 mA offset. Care should be taken in managing the 
circuit grounds. Coonectiims from AD694 Pins 9, 3 and ADS66 
Pins 3 and 7 should be as short as possible and to a single point 
close to Pin 5 of the AD694. Best practice would have sepante 
connections to the scar ground from each pin; this is essential 



for the AD566 power ground from Pin 12, The 4-20 mA output 
(Pin II) must have a return path to the power ground. The ic- 
tunt line from the load may be connected to the power ground, 
OT to die - 15 V supply based upon the size of the toad to be 
driven, and on power dissipation considerations. 

SINGLE SUPPLY DIGITAL TO 4-20 mA INTERFACE 

A 12 bit input to 4-20 mA output interface can be constructed 
that operates on a single 15 V supply. The DAC is cqwrated in 
its voltage switching mode; this allows the DAC, when supplied 
with a voltage reference of less than 2,5 V, to provide an output 
voltage that is proportional to the digital input code and ranges 
from V to Vnsf. The AD694 voltage reference is ctainected to 
supply 2 V and the input stage is set to a 2 V full scale; die in- 
put buffer amplifier serves to buffer the vohage output from the 
DAC. Connected in this manner a fiiU-scale DAC input code 
will result in a 20 mA output and an all code will tcsult in a 
4 mA output. The loading on the AD694 voiuige refeieoce is 



